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Introduction
Recently the first syntheses of open chain and macrocyclic glycoterpenoids having one or several diterpenoid moieties bonded with various carbohydrate residues, namely D-glucopyranose [1, 2] , glucuronic acid [3] [4] [5] or trehalose [6, 7] have been reported. In continuation of these investigations 2-deoxy-2-amino-D-glucopyranose (glucosamine) was chosen as the next carbohydrate block for macrocyclic glycoterpenoids. Glucosamine is the one of the most abundant monosaccharide units with their linkage modes found in mammalian oligosaccharides. [8, 9] N-Acetylglucosamine is an abundant hexose that as a monomer or as part of macromolecules plays multiple roles in eukaryotic cells. [10, 11] The literature has provided many examples of various glucosamine conjugates [12] [13] [14] [15] [16] [17] [18] which exhibited anticancer, [13, 14] neuroprotective, [15] anti-HIV-1, [16] and antimalarial [17] activities. Conjugating glucosamine to biologically active compounds has significantly reduced their hepatotoxic and immunotoxic effects.
[18] Herein, we report the first synthesis of diglycosides having two residues of glucosamine 1, and two moieties of diterpenoid isosteviol (16-oxo-ent-beyeran-19-oic acid, 5) which are the precursors of future macrocyclic glycoterpenoids possessing glucosamine and isosteviol moieties.
Experimental

General
NMR experiments were carried out with Avance-400 (Bruker) spectrometer in CDCl 3 at 400 MHz at 30 °C. MALDI mass spectra were measured on DYNAMO MALDI TOF instrument (Thermo BioAnalysis, Santa Fe, New Mexico). Samples were prepared as 0.1 % solutions of compounds in an appropriate solvent. The matrix was p-nitroaniline (Acros). The completeness of the reaction and the purity of the compounds were monitored by TLC on Sorbfil plates (Sorbfil, Russia). Spots were detected by treatment with the 5 % solution of sulfuric acid, followed by heating up to 120 °C.
Isolation of individual substances 14-17 was performed with a flash chromatography on Silicagel KSKG (0.060 -0.200 mm, Crom-Lab Ltd, Russia), 18, 19 -with column chromatography on Kiesegel (0.060-0.200 mm, ACROS Organics).
All solvents were dried according to standard protocols. Isosteviol 5, diterpenoid diols 10, 11, diterpenoid diacids 12, 13 were prepared according to the literature. [7, 19] 3,4,6-Tri-О-acetyl-2-deoxy-2-[(2,2,2-trichloroethoxy)carbonylamino]-a-D-glucopyranosyl bromide 4 was prepared according to the literature. [20] The physicochemical properties of these compounds agreed with those published.
Synthesis
General procedure for synthesis of diglycosides 14-17. ZnCl 2 (4.9 mmol) was added to a solution of diol 10 or 11 (2.4 mmol) and bromide 4 (5.4 mmol) in CH 2 Cl 2 (75 ml) under argon. The reaction mixture was stirred for 15 hrs at room temperature, then mixture was diluted with CH 2 Cl 2 , washed with 5 % NaHCO 3 , water and brine, dried over Na 2 SO 4 and concentrated under reduced pressure. The residue was purified by silica gel flash chromatography (eluent -hexane:ethyl acetate as 5:1 mixture). General procedure for synthesis of 18, 19. A solution of diacids 12 or 13 (0.2 mmol) in CH 2 Cl 2 (5 ml) was added dropwise to a stirred solution of bromide 4 (0.48 mmol) in CH 2 Cl 2 (5 ml) and H 2 O (5 ml) in the presence of K 2 CO 3 (0.6 mmol) and TBAB (0.1 mmol) under argon. The mixture was vigorously stirred for 48 hrs, then mixture was diluted with CH 2 Cl 2 . The aqueous layer was shaken with CH 2 Cl 2 . The combined CH 2 Cl 2 layers were washed with water and dried with Na 2 SO 4 , the solvent was removed under reduced pressure, and then a precipitate was purified by silica gel column chromatography (eluent -hexane:ethyl acetate mixture from 5:1 to 1:1). Macrocyclic Glycoterpenoids Having Isosteviol and Glucosamine Moieties a-diglycosides 14 and 15, whereas the reaction of bromide 4 with diterpenoid diacids 12 and 13 was carried out under the condition of heterogeneous catalysis by TBAB led to diglycosides 18 and 19 having b-orientation of glycoside bonds.
Diglycoside 14 (α-anomer
One can see that the interaction of deprotected amino groups of glucosamine residues of diglycosides 14, 15, 18, 19 with bielectrophilic reagents will lead to their macrocyclization, and macrocyclic glycoterpenoids analogous to already known macrocycles [4] [5] [6] [7] will be obtained. These reactions are currently being studied and will be reported soon.
